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It has been shown in preceding papers  1,~ that pneumonia may be 
produced readily in normal monkeys by the intratracheal injection of 
pneumococcus and that the disease so produced is essentially identical 
in its clinical course, complications, and pathology with pneumococcus 
lobar pneumonia in man.  In this paper experiments dealing with the 
production of pneumonia in monkeys with Streptococcus  hcemolyticus 
are  presented.  These  experiments were  undertaken  to  determine 
whether hemolytic streptococcus pneumonia as it occurs in man could 
be reproduced experimentally  in animals and for comparison with pneu- 
mococcus lobar pneumonia in monkeys.  In addition the pathogenesis 
of hemolytic streptococcus pneumonia has been studied. 
Method. 
Monkeys were inoculated by direct intratracheal injection of broth 
cultures of Streptococcus  heemolyticus,  and observations on the disease 
produced were made by the methods described in a  preceding paper  1 
on  the production  of pneumococcus pneumonia in monkeys.  The 
strain of Streptococcus  hcemolyticus 3 employed was originally isolated 
at  autopsy from the lungs of a  case of bronchopneumonia at Fort 
Sam Houston, Texas, in February,  1918, and possessed the typical 
1 Blake, F. G., and Cecil, R. L., J. Exp. Med., 1920, xxxi, 403. 
Blake, F. G., and Cecil, R. L., J. Exp. Med., 1920, xxxi, 445. 
3 We are indebted to Dr. A. R. Dochez for the strain of Streptococcus lgemoly- 
ticus used. 
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characteristics of this group of streptococci.  It was a strongly Gram- 
positive coccus growing in chains of moderate length, bile-insoluble, 
and actively hemolytic.  On the surface of rabbit blood agar plates 
it showed a wide zone of hemolysis, and when an 18 hour broth culture 
was mixed in equal quantity with a 5 per cent salt solution suspension 
of washed rabbit blood cells hemolysis was complete in 2 hours.  It 
fermented lactose and salicin  and failed to ferment mannitol, inulin, 
and  raffinose.  Its  virulence  had  been  raised  by  repeated  mouse 
passage until 0.00000001 cc. of broth culture was lethal for a white 
mouse in  24  hours.  Since  this  strain  of Streptococcus  hemolyticus 
proved much less  virulent for normal monkeys than the  strains  of 
pneumococcus employed in former experiments, the amount of culture 
injected varied from 0.1  to 10 cc. of an 18 hour plain broth culture. 
When larger amounts than 1 cc. were used the organisms were thrown 
down by centrifugalization and resuspended in portions of the super- 
natant broth so that the required amount of culture was contained 
in  1  cc.  of medium, thus  maintaining a  constant  amount of fluid 
injected into the trachea.  Except in three instances, as indicated in 
the text, normal monkeys were used. 
EXPERIMENTAL. 
Production  of  Interstitial  and  Confluent  Lobular  Pneumonia  by  the 
Intratracheal  Injection of Streptococcus hcemolyticus. 
Nine normal monkeys were injected intratracheally with Strepto- 
coccus luemolyticus  with the successful production of varying degrees 
of interstitial or confluent lobular pneumonia in all the animals.  The 
pneumonia was  complicated in  three  cases  by  an  extensive  sero- 
fibrinous pleurisy, in one by pulmonary abscesses.  It will  be seen 
from Table I, in which the data of the experiments are summarized, 
that the disease was relatively mild.  Death occurred in only three 
instances, in all of which a large amount of streptococcus was injected. 
Such a result is not surprising when it is recalled that Streptococcus 
h~rnolytlcus  rarely attains sufficient  virulence to produce a  primary 
pneumonia in man, the pneumonia being nearly always secondary to 
measles, influenza, or some other preceding respiratory infection. TABLE  I. 
Effect of Intratracheal Injection of Monkeys (Macacus syrichtus)  with Streptococcus 
hemolyticus. 
Monkey  Weight.  Date of  No.  injection.  Amount of culture. 
gm.  1919  co. 
120  2,800  July l5  1.0 
121  3,150  "  15  1.0 
119  3,180  "  19  5.0  (in  1.0) 
126  1,965  "  21  10.0 ("  1.0.) 
125  2,250  "  23  5.0 ("  1.0) 
108  2,210  "  29  3.0 ("  1.0) 
123  2,445  "  29  5.0("  1.0) 
128  2,650  "  31  10.0 ("  1.0) 
122  3,375  Aug.  6 
Reset. 
Pneumonia.  Recov- 
ered  on  4th  day. 
Killed. 
Pneumonia.  Recov- 
ered on  3rd  day. 
Killed. 
Pneumonia.  Recov- 
ered  on  4th  day. 
Killed. 
Pneumonia.  Empye- 
ma.  Died within 
24 hrs. 
Pneumonia.  Empy- 
ema.  Died within 
24 hrs. 
Pneumonia.  Recov- 
ered on 4th day. 
Pneumonia.  Killed 
on 2nd day. 
Pneumonia.  Empy- 
ema.  Died  within 
24  hrs. 
0.1  Pneumonia; 
abscesses. 
Aug. 14. 
lung 
Killed 
Autopsy. 
Interstitial  pneumonia, 
L.L.; acute fibrinous 
pleufitis,  left; 
chronic fibrous pleu- 
ritis, left. 
Interstitial and lobular 
pneumonia,  R.L., 
R.M. 
Interstitial and lobular 
pneumonia,  R.L. 
R.U. 
Confluent  lobuiar 
pneumonia,  R.L., 
C.; engorgement and 
edema, R.M., R.U., 
L.L.,  L.M.,  L.U:; 
serofibrinous  pleu- 
ritis, bilateral. 
Confluent  lobular 
pneumonia,  R.U., 
R.M.,  R~L., L.L.; 
engorgement  and 
edema, L.M., L.U.; 
acute  serofibrinous 
pleuritis,  right; 
acute mediastinitis. 
No autopsy. 
Interstitial and  lobu- 
lar pneumonia, R.L. 
Confluent  lobuiar 
pneumonia,  R.U., 
R.L.;  engorgement 
and  edema,  R.M.; 
acute  serofibrinous 
pleuritis,  right; 
chronic fibrous pleu- 
ritis, biiateral. 
Interstitial  pneumonia, 
R.L.; acute fibrinous 
pleuritis, right; pul- 
monary  abscesses, 
R.L. 
R.L., R.M., R.U., etc., indicate lobes of the lung. 
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The  clinical  features  and  pathology  of  hemolytic  streptococcus 
pneumonia in monkeys are presented in the following protocols.  The 
temperature,  leucocyte  counts,  and  blood  cultures  are  shown  in 
Text-fig. 1. 
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TEx•-FIo.  1,  a,  b, c,  and  d.  Clinical course of experimental streptococcus 
pneumonia  following the  intratracheal  injection  of Streptococcus h~molytic~. 
(a) Monkey 120; (b) Monkey 119; (c) Monkey 126; (d) Monkey 128. 
Experi~ten~ /.--Monkey 120 (Text-fig. 1, a).  Macao,s syricht~, female; weight 
2,800 gin.  July 14, 1919.  Well  and active.  July 15, 10.30 a.m.  Intratracheal 
injection of 1 cc. of 18 hour broth culture of Streplo¢occl~s tu~molyticus.  4 p.m. 
Appears moderately sick; respirations accelerated.  July 16.  Moderately Sick; 
respirations  accelerated  but  without  expiratory  grunt;  no  cough.  July  17. 
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Condition the same; no definite physical signs of consolidation.  July 18.  Much 
improved; breathing quietly.  10.30  a.m.  Killed. 
Autopsy.  Anatomical Diagnosis.--Interstitial  pneumonia,  left  lower  lobe; 
acute fibrinous pleuritis,  left; chronic fibrous pleuritls,  left. 
Pleural cavities.--Contain no fluid; there is fresh fibrin over the posterior sur- 
face of the left lower lobe; there are old fibrous adhesions between  the visceral 
and  parietal  pleur~  on  the  left;  right  pleura  appears  normal.  Lungs.--The 
posterior surface of the left lower lobe shows a  mottled, deep red area spreading 
downward from the hilum; the cut surface yields  a  moderate  amount  of  frothy 
fluid  and  presents  minute  deep  red  areas  apparently  of perivascular  and  peri- 
bronchial  distribution;  there  is  no  firm  consolidation;  the  other  lobes  appear 
normal. 
Cultures.--Heart's  blood and left lower lobe, no growth. 
Macroscopic Examination.--Histolo~cal  section  through  the  left lower lobe 
(Fig.  1)  shows considerable thickening of the vascular adventitla througliout  the 
lobe.  This  process  is  particularly  conspicuous  about  the  pulmonary  veins. 
There is a  less marked thickening  of the bronchial walls and interlobular  septa 
in many places.  In the upper and inner portion of the lobe  there  is  a  wedge- 
shaped  area extending outward from the main bronchus  to the pleura in which 
the alveolar structure appears much thickened,  the alveoli  atelectatic.  There is 
little or no exudate in the alveoli. 
Microscopic Examination.--Left  lower lobe.--There is a  thin deposit of fibrin on 
the plenral  surface.  The pleura is considerably  thickened  by the formation of 
new  connective  tissue,  the interstices  of which  are infiltrated  with  many large 
monounclear  cells,  plasma  cells,  lymphocytes,  and  a  few  polymorphonuclear 
leucocytes.  The perivascular  tissue  is  everywhere greatly  thickened  and  infil- 
trated with large mononuclear cells,  plasma cells, and lymphocytes, and occasional 
polymorphonuclear leucocytes  (Fig.  2).  In many places  the interlobular  septa 
and the walls of the bronchi are similarly thickened and infiltrated.  The alveolar 
walls  are  conspicuously  thickened  and  infiltrated  with  mononuclear  cells  and 
occasional  polymorphonuclear  leucocytes  (Fig.  2),  this  process being  especially 
prominent in the alveoli which lie adjacent  to the blood vessels, bronchi,  septa, 
and  pleura.  In places  there is considerable  proliferation  of the  epithelial  cells 
lining  the alveoli,  an occasional mitotic figure being seen.  The alveeli are for 
the most part air-contalnlng and in  the more extensively involved portions are 
atelectafic.  A  few scattered  alveeli contain  a  contracted  coagnlum in  which 
desquamated epithelial cells and  a  few leucocytes are embedded (Fig. 2), others 
contain a  dense coagulum without cells, and still others contain a  few red blood 
corpuscles.  The bronchi contain little or no exudate,  and  the epithelium is in- 
tact.  The epithelium of some of the terminal bronchioles has been desquamated, 
and the lumina contain a  coagulum in which epithelial cells and a  few leucocytes 
are embedded.  The lymphatics of the larger bronchi and vessels near the hilum 
are filled with  mononucleax  cells.  No  streptococci are seen.  Bronchia2  lympk 
node.--The marginal sinus is filled with large mononuclear cells and  lymphocytes. 406  EXPERIMENTAL  PNEUMONIA.  VIII 
Monkey  120  represents  a  comparatively mild  case  of pneumonia 
with recovery on the 4th day.  It exhibited no symptoms other than 
an ill defined appearance of being sick and a  moderately accelerated 
respiratory rate.  The clinical chart  (Text-fig.  I, a)  shows a  prompt 
elevation  of  temperature  6  hours  after  inoculation  with  return  to 
normal by rapid lysis, a  leucocytosis, which was polymorphonuclear 
in character,  during the acute stage of the disease, and sterile blood 
cultures throughout.  Pathologic examination showed pneumonia in 
the left lower lobe, the most striking feature oN which was its almost 
entirely interstitial  character.  The limitation of the process  to  the 
framework of the lung would appear to be an expression of a consider- 
able degree of resistance to the infection, a  supposition well supported 
by the brief duration of the disease and the promptness with which 
the  lungs were  freed  from  streptococci.  There  is  no  evidence that 
the disease began as a  primary infection of the terminal bronchioles. 
Experiment  2.--Monkey  119  (Text-fig.  1,  b).  Macacus  syrichtus,  female; 
weight 3,180 gin.  July 18,  1919.  Well and active.  July 19,  10.15 a.m.  In- 
tratracheal injection of 5 cc. (in 1 cc.) of 18 hour broth culture of Streptococcus 
hcemolyticus.  4.15 p.m.  Appears moderately sick; breathing rapidly.  July 20. 
Quiet; respirations  accelerated  but without expiratory  grunt; no cough;  slight 
dullness with diminished breath sounds in right lower axilla; no rMes.  July 21. 
Moderately sick; respirations moderately accelerated.  July 22.  Appears better; 
apparently recovering;  temperature has returned to normal by lysis.  3  p.m. 
Killed. 
Autopsy.  Anatomical  Diagnosis.--Interstitial  and  lobular  pneumonia,  right 
upper and lower lobes. 
Pleural  cavities.--Contain  no  fluid.  Lungs.--Over  the  posterior  surface  of 
the right lower lobe there is an extensive, pinkish gray area (Fig. 3), more trans- 
lucent than the rest of the lung and sharply defined from the surrounding pale 
pink surface.  On palpation this area is firm and i~ found to occupy a consider- 
able part of the substance of the lobe.  The cut surface shows an area of consoli- 
dation involving the posterior half of the lobe and sharply demarcated from the 
surrounding  tissue.  The  surface  of  the  consolidated  area  presents  a  pinkish 
gray,  translucent appearance,  and is  slightly moist.  There  is  a  similar  but 
smaller area in the right upper lobe.  The remainder  of the lungs is pale pink 
and crepitant.  Mucosa of the trachea and bronchi appears  normal. 
Cultures.--Heart's blood  and right lower  lobe,  no  growth; right  bronchus, 
Streptococcus hcemolyticus. 
Microscopic Examination.--Right lower lobe.--The pleura is moderately thick- 
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morphonuclear  leucocytes.  Young  connective  tissue  cells are beginning  to ap- 
pear.  In the pneumonic area the framework of the lung is conspicuously thick- 
ened  and infiltrated with large  mononuclear  cells, lymphocytes, plasma  cells, 
and polymorphonuclear  leucocytes.  This process is especially prominent in the 
vascular adventitia and is also quite marked in the walls of the bronchi  and 
bronchioles (Fig.  4).  The alveolar walls are thickened by swelling and active 
proliferation  of the epithelium  which, in places,  shows a  striking cuboidal  ap- 
pearance,  and by moderate infiltration with mononuclear  cells and leucocytes 
(Fig.  5).  Nearly  all  the  alveoli  contain  coagulated  serum.  In  those lying 
adjacent to the bronchioles and blood vessels there are numerous desquamated 
epithelial cells, mononuclear phagocytic cells, and polymorphonuclear  leucocytes 
(Fig.  4).  In places  this exudate may be traced into the lumen of a  terminal 
bronchiole.  There are several small areas in which there is considerable necrosis 
of the alveoli and the exudate is composed largely of polymorphonuclear  leuco- 
cytes and granular debris.  The smaller bronchi contain a moderate amount of 
exudate,  and in places considerable desquamafion  of  epithelium  has  occurred. 
No streptococci  are seen.  Right  upper  lobe.--Presents  a  similar picture.  The 
process, however, is less extensive and more limited to the interstitial tissue. 
Monkey  119  presented  a  clinical picture  quite  similar  to  that  of 
Monkey 120, but appeared somewhat sicker.  A  temporary invasion 
of the  blood  stream  by the  streptococcus  occurred.  This probably 
should not be regarded as anything more than an overflow from the 
lungs following the inoculation of a  large amount (5  cc.)  of strepto- 
coccus.  Autopsy  showed  a  well  defined  area  of  interstitial  and 
lobular pneumonia in the right lower lobe and a  smaller area in the 
right  upper  lobe.  Examination  of  histological  sections  showed  a 
conspicuous involvement of the framework of the lung similar to that 
in  Monkey  120.  In  addition,  there were  areas of lax consolidation, 
the location of which suggests that the infection had spread outward 
from the peribronchial and perivascular tissue to the adjacent alveolar 
structure.  The  preponderance  of mononuclear  cell  infiltration,  the 
presence of fibroblasts, the active proliferation of alveolar epithelium, 
and the absence of streptococci indicate that the infection had termi- 
nated and that the process of repair had begun. 
Experiment 3.--Monkey 126 (Text-fig. 1, c).  Macacus syrichtus, female; weight 
1,965 gin.  July 19 and 20, 1919.  Welland active.  July 21,11 a.m.  Intratracheal 
injection of 10 cc. (in 1 cc.) of 18 hour broth culture of Streptococcus hcemolyticus. 
4.15 p.m.  Appears moderately sick; breathing very rapidly.  11 p.m.  Appears 
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Autopsy.  Anatomical Diagrwsis.--Confluent  lobular pneumonia,  right  lower 
and cardiac lobes; engorgement and edema of right middle and upper, and left 
lower, middle, and upper lobes; serofibrinous  plenritis, bilateral. 
Right  pleural cavity.--Contains  a  considerable  quantity  of  slightly  turbid, 
claret-colored fluid.  Left pleural ca~q2y.--Contains a  smMler amount of s~rnilar 
fluid.  Lungs.--Voluminous  and intensely congested,  the surfaces of both lungs 
being deep pink and  thickly mottled with  large,  dark red,  irregular  patches. 
The right lower lobe is fairly firm and nodular on palpation.  The cut surface is 
dark red and oozes a large quantity of claret-colored fluid.  On scraping the sur- 
face scattered areas of grayish red consolidation  are seen.  These are elevated 
and in many cases  confluent.  The cardiac lobe shows  an almost uniform lax 
consolidation.  The  cut  surface  is  dark  red,  moist,  and  homogeneous.  The 
right middle and  upper lobes show intense congestion,  the cut surfaces yielding 
a  considerable amount of frothy, blood-tinged fluid, but no definite consolidation 
is made out.  The left lower, middle, and upper lobes present a similar picture. 
Trachea and bronchi are filled with a bloody, mucoid exudate, but  the  mucosa 
appears normal. 
Cultures.--Heart's  blood, right lower lobe,  and  right  pleural  fluid,  Strepto- 
coccus h~molyticus. 
Macroscopic Examlnation.--Hlstolo#cal  section through  the right lower lobe 
shows an intense edema of the vascular advenfitia and bronchial walls which are 
distended to many times their normal thickness.  This is most marked about the 
larger bronchi and vessels.  There is intense vascular engorgement.  The alveoli 
lying adjacent to the larger bronchial branches and to the vessels are filled with 
serous exudate, while those lying midway between and at the periphery are to a 
considerable extent air-containing.  There are several small irregular areas adja- 
cent to some of the larger veins and bronchi where consolidation  is present. 
Microscopic ExarMnation.--Rigkt  lower lobe.--There is a  layer of fibrin infil- 
t.rated  with polymorphonuclear leucocytes on the pleural surface.  The pleura 
is moderately thickened, infiltrated with leucocytes, and in places appears necrotic. 
The lymphatics of the pleura are greatly distended.  In many places they  are 
thrombosed and contain dense masses of streptococci.  The bronchial walls  and 
vascular adventitia are greatly distended with edema and infiltrated to a  vari- 
able degree with polymorphonuclear leucocytes.  Dense masses of streptococci 
are seen in the outer margins of the perivascular tissue.  They are also present, 
though less numerous, in the bronchial walls.  The lymphatics of the vessels and 
bronchi  are  distended,  and  are  frequently filled  with  thrombi,  leucocytes,  or 
masses of streptococci.  The  interlobular  septa  are  edematous.  The  bronchi 
show  epithelial  desquamation  and  in  places necrosis  of the walls.  Many  of 
them  contain  leucocytes, coagulated serum,  and  necrotic debris.  Streptococci 
are present in this exudate.  The walls of the terminal bronchioles  are thickened 
and  infiltrated  with  leucocytes  and  streptococci.  The  epithelium  is  desqua- 
mated.  Those in the peripheral portions of the lobe contain no exudate, while 
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contain leucocytes and  necrotic material.  In the  central  portions  of the  lobe 
and  extending  outward  along  the  main  bronchial  and  vascular  branches  the 
alveoli are filled with exudate.  Those lying adjacent to the bronchi and vessels 
contain great numbers of polymorphonudear leucocytes embedded in coagulated 
serum and some fibrin, those more distant only coagulated serum.  The alveolar 
walls are thin and show no cellular infiltration.  In many places  there is  exten- 
sive necrosis of the exudate and alveolar walls.  Immense numbers of strepto- 
cocci are present  in  the  exudate,  being  particularly  numerous  in  the  necrotic 
areas.  In the peripheral  portions of the lobe many of the alveoli are air-contain- 
ing, while others lying adjacent  to the vessels,  pleura, and bronchioles contain 
coagulated  serum.  The walls  of the  alveoli  and  atria  are  edematous,  and  in 
places  about  the terminal bronchioles, alveolar ducts, and vessels are infiltrated 
with  polymorphonuclear leucocytes  (Fig.  6).  The  distribution  of streptococci 
in this portion of the lobe is particularly interesting.  Where exudation into the 
alveoli and bronchioles has not occurred, streptococci are seen in the walls of the 
terminal bronchloles and in the walls of the adjacent alveoli where they lie be- 
tween the capillary and the lining epithelium  (Fig. 7), but none are seen in the 
alveolar  spaces  or in the lumina of the bronchioles.  Where serous exudate has 
poured out into the alveoli  streptococci are present in large numbers in the exu- 
date.  Right upper lobe.--The  process  is  much less advanced  and  there is  no 
consolidation.  The  vessels and capiliaHes  are greatly engorged.  There is mod- 
erate edema of the vascular adventitia and bronchial walls but no cellular  infil- 
tration.  The interiobular  septa are not prominent.  There is some desquama- 
tion of the bronchial epithelium but the bronchi and bronchioles contain no exu- 
date.  The alveoli are air-containing except in a  few scattered patches adjacent 
to the bronchi where they contain a serous exudate.  About some of the bronchi 
and terminal bronchioles the alveolar walls appear moderately edematous.  The 
perivascular and peribronchial  lymphatics are distended but contain few cells. 
Many streptococci are seen  on  the  epithelial  surface of a  large bronchus and 
may be seen penetrating the subepithelial layers where they are present in large 
numbers.  In the smaller bronchi and  terminal bronchioles of the  Central  por- 
tions of the lobe they are present in large numbers in the walls (Fig. 8), but not 
on the  epithelial  surface or in  the lumen.  None are seen  in the walls of the 
peripheral  bronchioles.  Large numbers  are present  in  the walls of the alveoli 
that lie adjacent to the bronchi,  while the walls of the more distant alveoli are 
free from organisms.  In a  similar manner many streptococci are present in the 
walls of the alveoli in which terminate  bronchioles whose walls  have been in- 
vaded, while the walls of the alveoli in which unaffected bronchioles terminate 
are free from organisms.  Where a serous exudate has poured out into the alveoli 
streptococci are present  in the exudate.  In places streptococci are seen in the 
perivascular  lymphatics.  At  a  few points  they have  reached  the  pleura  but 
have not spread out in dense masses through the pleural lymphatics. 
Experimen2 4.--Monkey  125.  Macacus syrichtus,  male;  weight  2,250  gin. 
July 22,  1919.  Well and active.  July 23,  11 a.m.  Intratracheal injection of 5 410  EXPEI~NTAL  PNEDMONIA.  VIII 
cc.  (in  1 cc.)  of 18 hour broth  culture  of Streptococcus hcemolyticus.  4.15  p.m. 
Quiet;  breathing very rapidly; moderate dullness and suppressed breath  sounds 
over  right  lower  lobe.  Blood culture shows 1 colony of Streptococcus hcemolyti- 
cus  per  0.5  cc.  of blood.  11  p.m.  Very  sick;  respirations  difficult  and  very 
rapid;  evidently suffering from severe pleural pain; crying frequently.  July 24. 
Died between midnight  and 9  a.m. 
Autopsy.  Anatomical Diagnosis.--Confluent  lobular pneumonia,  right  lower, 
middle,  and  upper  lobes,  left lower lobe;  engorgement and  edema,  left  middle 
and upper lobes; acute serofibrinous pleuritis, right; acute mediastinitis. 
Anterior  mediastinum.--Shows  intense  congestion  and  edema  of  the  tissues. 
Right  pleural cavity.--Filled  with  slightly  turbid,  claret-colored  fluid,  the  right 
lung being partially collapsed.  Left pleural cavity.--Contains  no fluid.  Lungs.-- 
The surface of the entire right lung is intensely congested and covered with dark 
red,  blotchy patches,  most marked in  the middle  and  lower lobes.  The whole 
lung  feels heavy and  soggy, with irregular  patches  of moderately firm consoli- 
dation, most marked in the lower lobe.  The cut surface of the lower lobe is dark 
red  and  shows  irregular,  patchy,  consolidated  areas,  which  become  confluent 
in  some places.  It  yields  a  large  quantity  of bloody  fluid.  The  middle  and 
upper lobes present a  similar picture, but the consolidation is less marked.  The 
left lung is volum{nous,  the anterior  surfaces being pale pink.  Posteriorly the 
surfaces show irregular patches  of a  deep red  color.  On palpation  there is an 
area of moderately firm, nodular consolidation in the upper and posterior portion 
of the lower lobe.  The cut surface yields a considerable amount of bloody fluid 
and shows a well demarcated area of confluent lobular consolidation in the upper 
and posterior portion,  the surrounding air-containing tissue being intensely con~ 
gested and edematous.  The cut surfaces of the middle and upper lobes are con- 
gested and yield a moderate amount of frothy, blood-tinged fluid.  Trachea and 
bronchi are congested and contain a  bloody, mucoid exudate. 
Cultures.--Heart's  blood, right lower lobe, left lower lobe,  pleural  fluid,  and 
bronchi, Streptococcus hcemolyticus. 
Macroscopic gxamination.--Histological  section  through  the right  lower lobe 
(Fig.  9)  shows  intense  vascular  engorgement.  There  is  marked  perivascuiar 
edema which is particularly conspicuous about the larger vessels.  The bronchial 
walls  appear moderately  thickened.  In  the  lower  half of the  lobe  there  is  a 
fairly  large,  roughly  wedge-shaped  area  of  consolidation  extending  downward 
toward  the  periphery.  This  area  of  consolidation  merges  indefinitely  into  a 
surrounding zone of edema which in turn merges into a peripheral zone of alveoli 
which  are largely air-containing.  In  the  upper  portion  of the  lobe  there  is a 
similar, though smaller area of consolidation with ill defined margins merging into 
a  surrounding  zone of edema.  Histological section  through  the left lower lobe 
presents a  similar picture.  Areas of consolidation appear as roughly oval or cir- 
cular areas surrounding a  central  vein  or bronchus.  The  margins  of  the  con- 
solidated  areas are  irregular  and  merge without  sharp  demarcation  into  sur- 
rounding  zones of edema.  The outer and  lower portions  of the  lobe  show  no 
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Microscopic Examination.--Rigkt  lower lobe.--There  is a  deposit of fibrin on 
the pleura.  The pleura is edematous and infiltrated with a moderate number of 
leucocytes and dense masses of streptococci.  The lymphatics are distended and 
contain  masses  of  streptococci,  leucocytes,  and  large  mononuclear  ceils.  In 
many places they are thrombosed.  The perivascular tissue is greatly distended 
with edema, particularly about the pulmonary arteries, but shows very tittle cellu- 
lar infiltration (Fig. 10).  The interlobular septa are also very edematous.  Dense 
masses of streptococci are seen in the lymphatics and outer layers of the tissue 
surrounding the pulmonary veins (Fig. 11).  The vessels and capillaries are greatly 
engorged  and in many places the latter show thrombi.  The bronchial wMls are 
moderately  thickened  and  infiltrated  with  polymorphonuclear leucocytes  and 
mononuclear cells, and their lymphatics are distended.  In places the wails  are 
necrotic and have completely lost their  structure.  There is extensive desqua- 
marion of the epithelium of the bronchi and bronchioles.  The larger bronchi 
and  the bronchioles  of the central portions of the lobe contain leucocytes and 
necrotic debris in which many streptococci are seen.  The terminal bronchioles 
of  the  peripheral  portions  show  desqqamation  of  epithelium,  thickening  and 
infiltration of their walls with  polymorphonuclear leucocytes and  streptococci, 
but  contain  no  exudate or  streptococci.  In  the  central portions of the  lobe, 
particularly in relation to the bronchi and vessels,  the alveoll are filled with an 
exudate  of polymorphonuclear leucocytes and  small numbers  of  mononuciear 
cells embedded in coagulated serum and fibrin  (Fig.  10).  In places there is also 
hemorrhage into  the alveoli.  The alveolar walls are not  distended.  Strepto- 
cocci in pairs and short chains are everywhere seen through this exudate.  In 
many areas extensive necrosis  with almost complete destruction of the alveolar 
walls has occurred.  Dense masses of streptococci are present in these necrotic 
areas.  Surrounding the areas of consolidation  the alveoU show extensive edema 
and some hemorrhage.  In the peripheral portions of the lobe, except immediately 
adjacent  to  the pleura,  the alveoli are largely air-containing.  About  the  ter- 
minal bronchioles and adjacent to the veins their walls are distended with edema 
and show some cellular  infiltration.  Streptococci are numerous in the walls  of 
these comparatively intact alveoli, but are not seen in the alveolar spaces.  Car- 
d.iac, right middle, and right upper lobes.--Secfions  show the same picture though 
the process is less widespread.  A section from the central portion of the right 
upper lobe shows a point of local injury to the mucosa of a large bronchus (Fig. 
12).  The epithelium is desquamated, the subepithelial tissue is infiltrated with 
polymorphonuclear leucocytes, and numerous streptococci are seen invading the 
bronchial wall (Fig. 13). 
Experiment 5.--Monkey 128 (Text-fig. 1, d).  Macacus syrlchtus, female; weight 
2,650gm.  July30,1919.  Well andactive.  July 31,11.15 a.m.  Intratracheal 
injection of 10 cc. (in 1 co.) of 18 hour broth culture of Streptococcus koemolyticus. 
4.30  p.m.  Appears  moderately sick;  breathing  very rapidly.  Aug.  1.  Died 
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Autopsy.  Anatomical Diagnosis.--Confluent  lobuiar pneumonia,  right  lower 
and upper lobes; engorgement and edema, right middle lobe;  acute serofibrinous 
pleuritis, right; chronic fibrous pleuritis, bilateral. 
Right pleural cavity.--Contains  a  moderate mount of slightly turbid, claret- 
colored  fluid.  Left pleural cavity.--Contains  no fluid.  There are scattered old 
fibrous adhesions in  both pleural cavities.  Lungs.--The  right  lung  is covered 
with old fibrous tags and the lobes are bound together by old fibrous adhesions. 
The surface of the upper lobe is congested and marked at many points by small 
dark red blotches.  The cut surface appears congested and yields a considerable 
amount of blood-tinged fluid.  There is some peribronchial consolidation.  The 
middle and lower lobes are  intensely  congested and feel heavy and soggy.  On 
palpation the lower lobe shows a moderately firm, nodular area of consolidation 
in the lower portion.  The cut surfaces of the middle and lower lobes are dark 
red and ooze a large quantity of bloody fluid.  In the lower lobe there is an irregu- 
lar patch of consolidation  in the lower portion, dark red in color, and somewhat 
elevated above the  surrounding  edematous and air-containing tissue.  The left 
lung  appears moderately congested  but  is  everywhere air-containing and  free 
from consolidation. 
Cultures.--I-Ieart's blood,  pleural  fluid,  and  right  lower  lobe,  Streptococcus 
h¢emolyticus. 
Microscopic gxaralnation.--Right  lower lobe.--The  pleura is greatly thickened 
by old fibrous tissue,  the interstices of which  are infiltrated with polymorpho- 
nuclear leucocytes,  mononuclear cells, and moderate  numbers  of  streptococci. 
The pleural lymphatics are greatly distended and everywhere contain dense masses 
of streptococci.  The vessels are greatly engorged  and many of the smaller ves- 
sels and capillaries  contain thrombi.  The perivascular tissue is edematous and 
infiltrated  with  leucocytes.  Dense masses of streptococci  are present  in  the 
distended lymphatics and outer layers of the adventitia of the pulmonary veins 
(Fig.  14).  The bronchial walls are thickened and infiltrated with leucocytes and 
streptococci and in places are completely necrotic.  The epithelium is desqua- 
mated.  The walls of the terminal bronchioles  are similarly thickened and infil- 
trated.  The interlobular septa are edematous, infiltrated with polymorphonuclear 
leucocytes, and their lymphatics are distended and filled with streptococci, leuco- 
cytes, and thrombi.  Except at the peripheral portions the alveoli are edematous 
and contain many disintegrating leucocytes.  Much of the tissue is undergoing 
necrosis,  the structure of the alveolar walls being indistinct  (Fig.  14).  Strepto- 
cocci are abundant in these areas.  At the periphery the involvement is largely 
interstitial  without  exudation into  the alveoli.  The alveolar walls  are greatly 
distended  with edema,  and  infiltrated  with  leucocytes, and  contain  abundant 
streptococci which,  however, are not seen in the alveolar spaces. 
Monkeys 126,  125,  and  128 illustrate very severe and rapidly fatal 
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ment of serofibrinous pleurisy.  The extremely rapid respiratory rate 
exhibited by these monkeys was undoubtedly due to  the rapid ac- 
cumulation of a large pleural exudate.  The almost negligible invasion 
of the blood stream by the streptococcus 6 hours after inoculation, in 
spite of the overwhelming nature of the infection and the large num- 
bers of streptococci injected, is  striking.  Monkeys receiving much 
smaller intratracheal injections of pneumococcus invariably showed 
a very heavy septicemia 6 hours after inoculation.  It is noteworthy 
that none of these monkeys, though very severely infected, showed 
any  evidence  of  prostration  during  the  onset  of  the  pneumonia, 
exhibiting no definite symptoms other than the rapid respiratory rate 
and an ill defined appearance of being sick, yet all died within 24 
hours after inoculation. 
The pathologic picture was one of rapid and widespread invasion 
of the lungs with little show of resistance on the part of the tissue. 
Proliferation of the alveolar epithelium, extensive mononuclear cell 
reaction, and limitation of the process to the interstitial tissue were 
lacking.  The primarily interstitial  nature  of the infection, though 
somewhat masked  by  the widespread  confluent  areas  of  alveolar 
edema, consolidation, and necrosis, was, nevertheless, shown by the 
intense perivascular edema and leucocytic infiltration, the thickening 
and infiltration of the walls of the bronchi and bronchioles, and the 
edema of the interlobular septa.  It was even more strikingly shown 
in  the peripheral areas  of the lung where the process was  entirely 
interstitial in  character without exudation into  the  alveolar  spaces 
and lumina of the bronchioles.  Since these were all cases of less than 
24  hours  duration  the distribution  of  streptococci is  of parti.cular 
significance in indicating the mode of invasion of the lung.  In the 
earliest lesion observed (Monkey 126,  right upper lobe) streptococci 
are present on the epithelial surface of a large central bronchus, and 
where the epithelium is injured they may be  seen penetrating into 
the peribronchial tissue.  This is also well shown in a  section from 
the right upper lobe of Monkey t25 (Fig. 13).  In the smaUer bronchi 
and bronchioles, however, they are seen only in the walls, and none 
are present in the lumina or on the epithelial surfaces.  They are also 
present in the walls of alveoli that lie immediately adjacent to the 
bronchi and bronchioles whose walls  are infected, but are not seen 414  EXPERIMENTAL  PNEUMONIA.  ~FIII 
elsewhere in  the alveolar structure.  A  few are seen in  the perivas- 
cular lymphatics, and in a  few localized spots they have reached the 
pleura where they lie in  masses in  the pleural lymphatics.  In  the 
more  advanced  lesions  they  are  present,  in  addition  to  the  areas 
described above, in dense masses in the lymphatics about the pulmo- 
nary veins,  in  the interlobular septa,  and in the pleura.  Wherever 
exudate has  poured  out into  the  alveoli  abundant  streptococci are 
present in the alveoli, being particularly numerous in areas that are 
undergoing necrosis.  But where exudation into  the alveoli has not 
occurred the streptococci are confined within the alveolar walls, lying 
between the central capillary and the epithelial lining of the air space. 
Effect of Preceding Injury to the Respiratory Tract and of Lowering of 
General  Resistance  on  the  Course  of Experimental 
Streptococcus Pneumonia. 
The preceding experiments have shown  that  the normal monkey 
is  comparatively  resistant  to  intratracheal  injections  of  a  highly 
Virulent hemolytic streptococcus and succumbs only when large doses 
are employed.  AS has been pointed out, such a  result is not out of 
harmony with  the  infrequent  occurrence of  primary  streptococcus 
pneumonia in man, in whom the disease commonly occurs only as a 
secondary infection  following  some  preceding  disease  affecting the 
respiratory tract. 
It seemed of interest, therefore, to determine the effect of a preced- 
:ing local injury to the respiratory tract and of the lowering of general 
resistance without local injury to the respiratory tract on the course 
.of  streptococcus  pneumonia  subsequently  produced  by  the  intra- 
tracheal injection of streptococci. 
Experiment 6.--Four monkeys were used.  Prdlm~uary injury to the respiratory 
tract was produced in Monkey 19 by a  few seconds exposure to chlorine gas 1 
hour before intratracheal injection of Streptococcus hcemolyticus, in Monkey 129 
by the intratracheal injection of 0.000001 cc. of Pneumococcus Type I 24 hours 
before intratracheal  injection of streptococcus.  Lowering  of general resistance 
~vithout injury to the respiratory tract was produced in Monkey 48 by the intra- 
peritoneal injection of a strain of B. influenzcz possessing pathogenicity for mon- 
keys 3½ hours before intratracheal injection of streptococcus.  A normal mon- 
key, No.  122, served as a control, receiving only an intratracheal  injection of FRANCIS  G.  BLAKE  AND  RUSSELL  L.  CECIL  415 
streptococcus.  A  small amount of streptococcus, 0.1  cc., was injected in all the 
animals.  The  essential  data  of  the  experiment  are  shown  in  Table  II  and 
Text-figs. 2 and 3. 
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Effect of preceding  inhalation  of  chlorine gas 
(Monkey 19) and of intraperitoneal  injection of B. ~fluemce (Monkey 48)  on 
the course of experimental streptococcus pneumonia produced by intratracheal 
injection of 0.1  co. of broth  culture of Streptococcus ttemolyticus.  (a) Monkey 
19; (b) Monkey 48; (c) Monkey 122, control. 
The  foregoing experiment shows  that  in  the  presence  of  a  local 
injury to the respiratory tract caused by gassing with chlorine a small 
amount  of  Streptococcus  hcemolyticus,  which  in  a  normal  control 
monkey produced only a  mild pneumonia localized in one lobe, pro- 
duced a rapid and widespread infection of the lungs.  It is, of course, 416  EXPERIM~ENTAL PNEITMOI~.  VIII 
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clear that chlorine poisoning was in large part the cause of the rapidly 
fatal outcome in  Monkey 19,  and it is  not intended to imply that 
death was  due  to  streptococcus pneumonia.  It  seems  quite  clear, 
nevertheless, that the pulmonary injury produced by chlorine greatly 
facilitated invasion of the lungs by the streptococcus. 
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T~xT-FIo. 3. Monkey 129.  Effect of the intratracheal injection of 0.1 cc. of 
broth  culture  of Streptococcus hcemolyticus during  the course of experimental 
Pneumococcus  Type I pneumonia. 
In  a  similar manner a  widespread streptococcus pneumonia with 
pleural  exudate developed in  Monkey 48  which had previously re- 
ceived an intraperitoneal injection of Bacillus  influenz~  sufficiently 
large to cause extreme prostration and marked leucopenia at the time 
streptococcus  was  injected  into  the  trachea.  Since  there  was  no FRANCIS  G.  BLAKE  AND  RUSSELL  L.  CECIL  419 
preceding local  injury  to  the  respiratory  tract  in  this  case,  other 
factors must have contributed to lack of resistance against strepto- 
coccus invasion of the lungs.  It would seem probable that the destruc- 
-tion of leucocytic defense as evidenced by the marked leucopenia and 
by the almost entire absence of polymorphonuclear leucocytes in the 
pulmonary exudate  (Fig.  15)  played a  considerable part.  Whether 
other factors were concerned it is impossible to say. 
Regarding Monkey 129 there is no certain evidence that the intra- 
tracheal injection of streptococcus in the presence of a pneumococcus 
pneumonia exerted  any  effect on  the  course  of  the  disease.  The 
early development  of empyema during the course of the pneumococcus 
pneumonia is unusual, and suggests that the empyema may have been 
initiated by Streptococcus hcemolyticus.  Failure  to  find streptococci 
in the empyema fluid at autopsy, however, throws considerable doubt 
on this assumption.  Likewise, though study of histological sections 
from the lung suggested that the streptococcus was in part responsible 
for the lesion, there is no bacteriological evidence in support of this 
view, and the matter must remain in doubt. 
The control monkey, No.  122, which had only a  mild pneumonia 
largely of the interstitial type (Figs.  16 to 19) showed an important 
feature in the development of pulmonary abscesses (Fig. 16) in which 
innumerable streptococci were present. 
Effect of Inoculating a Monkey in the Nose and  Throat  with 
Streptococcus h~molyticus. 
It has been shown  z that normal monkeys may receive a large inocu- 
lation of virulent Pneumococcus  Type I in the nose and throat without 
suffering any apparent ill effect.  It seemed desirable, therefore, to 
determine the effect of Streptococcus hremolyticus in this respect. 
Experimen~ 7.--Monkey  135.  Macacus syrichtus, male;  weight 2,150 gin. 
Aug. 19, 1919.  Well  and active.  9.20  p.m.  2.5 cc. of 10 hour broth culture of 
Streptococcus /wemolyticus  sprayed into nose and throat.  Aug. 20 to 31.  Re- 
mained  well  and active with no evidence  of infection.  Temperature and leucocyte 
count remained normal. 
The  above  experiment shows  that  a  virulent hemolytic strepto- 
coccus inoculated into the nose and throat of a normal monkey failed 420  EXPERIM-ENTAL  PNEII~ONIA.  VIII 
to produce pneumonia.  Furthermore, like the pneumococcus, it failed 
to initiate an infection of the  upper respiratory  tract  or  exert  any 
apparent effect whatsoever. 
DISCUSSION. 
The foregoing experiments have shown that pneumonia produced 
in monkeys by the intratracheal injection of Streptococcus  tmmolyticus 
differs  in  many  respects,  both  clinically  and  pathologically,  from 
pneumonia produced by  the  pneumococcus,  t.~  The differences ex- 
hibited appear to be quite similar to those which occur in man between 
hemolytic  streptococcus  pneumonia  and  pneumococcus  lobar 
pneumonia. 
Clinically,  except in  the animals which developed empyema, the 
disease was comparatively mild and was characterized by an incon- 
stant type of temperature curve of 3 to 5 days duration with recovery 
by lysis.  The respirations, though accelerated, were not characterized 
by the expiratory grunt commonly seen in lobar pneumonia in mon- 
keys.  Failure of the streptococcus to invade the blood stream except 
as a  terminal event in the fatal cases was in striking contrast with 
the constant and early invasion of the blood by the pneumococcus. 
In all the above features the disease appears to be similar to strepto- 
coccus pneumonia in  man.  It  was  even more str~klngly so  in  its 
complications and pathology.  In four out of eleven cases (36.3  per 
cent)  the  early  development of  an  abundant  serofibrinous pleural 
exudate teeming with streptococci took place.  In contrast with this, 
empyema developed but  once  (1.6  per  cent)  in  61  monkeys with 
experimental pneumococcus lobar pneumonia, and then only late in 
the  disease.  One  monkey developed mediastinitls,  one pulmonary 
abscesses, both of which conditions occur as complications of strepto- 
coccus pneumonia in man. 
Particular interest attaches to the pathology of hemolytic strepto- 
coccus pneumonia because of the many detailed studies of the disease 
that have been made during the.epidemics of streptococcus pneumonia 
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The views of MacCaUum, 4 who has made an e~tensive  study of the subject, 
may be summarized briefly.  Two main types of pulmonary lesions are found, 
interstitial bronchopneumonia and lobular pneumonia.  These two  typ~ may 
bet and frequently are combined in the same case.  In both instances  the infec- 
tion is a  descending  one from the upper respiratory tract.  In the interstitial 
type the pneumonia begins as a primary infection of the bronchioles which leads 
to great changes  in their wails and in the adjacent pulmonary tissue with the 
formation of firm nodules of consolidation about the terminal portions of the bron- 
chi.  In the course of the affection thickening and infiltration of the bronchial 
and  alveolar walls,  of  the  interlobular  septa,  of  the  perlvascular adventitial 
tissue,  and of the pleura occur.  The lymphatics of these structures are widely 
infected and thrombosed.  The process i s limited in large part to the framework 
of the lung.  The picture of rapid organization  and mononuclear cell reaction 
indicates the tendency of the lung to heal by barricading the further invasion of 
the infecting organisms.  Streptococci are found in large numbers in the bronchial 
exudate, in the thrombosed lymphatics, and in the pleura, but few are present in 
the lung substance. 
The second  type, or lobular pneumonia, is composed  of cases  in which  the 
streptococci invade in the same way.  Little resistance is offered to the infection, 
however, and large patches of confluent Iobular consolidation  occur in which the 
alveoli are filled with blood,  leucocytes,  and enormous numbers of streptococci. 
The interstitial and mononudear  ceil reaction, which  are  expressions  of  resis- 
tance, are wanting, and widespread areas of necrosis may occur.  There are many 
cases in which  this lobuiar pneumonia occurs in the pure form, but there are 
many others in which it is found side by side with the interstitial bronchopneu- 
monia.  They are different expressions of reaction to the same infection, the in- 
terstitial type being an expression of marked resistance,  the Iobular  type one of 
feeble resistance. 
It seems quite clear that the pneumonia produced in monkeys by 
Streptococcus hcemolyticus  is essentially identical in its pathology with 
that  which  occurs  in  man.  Furthermore,  MacCallum's  suggestion 
that  the  occurrence of interstitial  pneumonia  or lobular pneumonia 
or combinations of the two types depends upon the resistance offered 
to the infection would seem to be well supported by the results of our 
experiments, since with increasing doses of streptococci the pathologic 
picture passed  from that  of a  purely interstitial  pneumonia  to  that 
of a  mixed interstitial and lobular pneumonia, and finally with very 
4 MacCallum, W. G., The pathology of the pneumonia in the United States 
Army camps during the winter of 1917-18,  Monograph of The Rockefeller  In- 
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large doses to that of a widespread confluent lobular pneumonia with 
necrosis. 
There is,  however, one important difference between the picture 
presented in  monkeys and  that  described  by  MacCallum in  man; 
namely, the site of the initial lesion and the primary mode of invasion 
of the lung by the streptococcus.  MacCailum states that the initial 
lesion is one of the terminal bronchioles and that in the course of the 
affection  thickening and  infiltration  of  the  bronchial  and  alveolar 
walls, of the interlobular septa, of the perivascular adventitial tissue, 
and of the pleura occur,  the streptococcus invading by way of the 
lymphatics of these structures.  In the disease in monkeys, on the 
other hand, the initial lesion, or point of invasion of the streptococcus, 
appears to be at one or more points in the walls of the larger or medium 
sized bronchi, with extension of the infection from these points through 
the lung by way of the lymphatics of the bronchial walls to the bron- 
chioles and of the perivascular tissue and interlobular septa to  the 
pleura.  Study of early lesions would seem to indicate that infection 
of the alveoli is primarily by invasion of the alveolar walls by strepto- 
cocci which spread out during the progress of the infection of the 
framework of the lung to the alveolar walls that lie adjacent to these 
structures.  Injury of the walls and desquamation of the epithelium 
of the bronchioles and smaller bronchi with exudation of leucocytes 
into the lumen would appear to be secondary to invasion of the walls 
of the bronchioles and smaller bronchi by  streptococci which have 
reached these points by way of the peribronchiai lymphatics rather 
than by way of the bronchial lumen.  In a similar manner exudation 
into the alveoli follows interstitial invasion of the alveolar walls and 
consequent injury to them.  The constant tendency of the tissue to 
barricade the progress of the infection brings about the characteristic 
limitation of the alveolar lesions to the alveoli which lie adjacent to. 
the bronchial and vascular trees, the septa, and the pleura, and only 
when  this  resistance gives way does  a  rapidly spreading confluent 
lobular pneumonia develop.  It  is,  of  course,  possible  that  during: 
the progress of the invasion of the peribronchial lymphatics no great 
injury to the surrounding alveolar tissue may be produced until the 
streptococci attain the lymphatics of the bronchioles, in which case 
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as  described by MacCaUum.  On the other hand,  were it actually 
a  primary infection of the bronchioles, it is difficult to correlate this 
conception with the very early and widespread infection of theperi- 
vascular tissue, interlobular septa, and pleura, which occurs even in 
areas where the terminal bronchioles and their adjacent alveoli remain 
unaffected.  In  this  connection it  should be  remembered that  the 
primary mode of invasion and the earliest lesions which may be easily 
studied in experimental animals, can rarely be studied in man, but 
must be inferred to a  considerable extent from the picture found at 
later stages of the disease, and that in man the pathology of strepto- 
coccus pneumonia is frequently complicated by a preceding and often 
concomitant bronchial infection with other organisms. 
It  will be  seen  from  the  foregoing discussion  that  the  mode  of 
invasion of the lung by Streptococcus haemolyticus  is essentially identi- 
cal with the mode of invasion by the pneurnococcus as described in 
a  preceding paper  on the pathogenesis of lobar pneumonia.  *  It is 
furthermore  apparent  that  the first  response  of  the animal to  this 
invasion is the same in both cases; namely, vascular engorgement and 
interstitial  edema  with  polymorphonuclear  leucocytic  infiltration. 
Following the stage of lymphatic and interstitial invasion, however, 
the  end-results  are  divergent.  In  pneumococcus lobar  pneumonia 
little  resistance is  offered by  the  tissue  to  the invading organisms 
and the process sweeps rapidly through the lobe, ultimately produc- 
ing a'comparatively homogeneous complete lobar consolidation with- 
out necrosis or extensive damage to the bronchi.  In streptococcus 
interstitial pneumonia on the other hand,  an almost immediate re- 
sistance to the invading organisms is offered, the process is limited 
in large part to the interstitial tissue and lymphatics of the pulmonary 
framework and to the alveoli immediately adjacent, and the picture 
of active repair is encountered.  If,  on the other hand, comparatively 
little resistance is offered to the infection, the process sweeps through 
the lobe, producing a  confluent lobular pneumonia which ultimately 
may lead to consolidation of an entire lobe.  In this respect the dis- 
ease is analogous to lobar pneumonia.  There is, however, a striking 
difference between the two which would appear to depend upon the 
power of the streptococcus  to  produce marked local injury to  the 
tissues,  resulting in  extensive  damage  to  the  walls  of  the  bronchi 424  EXPERr~NTAI,  PNEUMONIA.  VIII 
and in widespread areas of alveolar necrosis, features which are not 
often seen in pneumococcus pneumonia.  The greater tendency for 
extensive organization to occur following streptococcus pneumonia is 
another  feature  in  which the  two  diseases  differ.  It  would  seem 
possible  that  this  difference may be  dependent upon  the more ex- 
tensive tissue injury caused by the streptococcus than by the pneumo- 
COCCUS. 
SUMMARY. 
1.  Pneumonia has been consistently produced in normal monkeys 
by intratracheal injection of Streptococcus hcemolyt¢cus. 
2.  The  pneumonia produced  has  been  shown  to  be  comparable 
with hemolytic streptococcus pneumonia in man with respect to its 
clinical features, complications, and pathology. 
3.  Two pathologic types of the disease have occurred, interstitial 
pneumonia and confluent lobular pneumonia.  Both types have been 
found in the same animal. 
4. The type of pneumonia has appeared to be dependent upon the 
amount  of  streptococcus  culture  injected,  interstitial  pneumonia 
following the injection of small amounts and being an expression of 
considerable resistance,  confluent  lobular  pneumonia  following the 
injection of large amounts and being an expression of comparative 
lack of resistance. 
5.  Study of the distribution of streptococci in the lungs and of the 
character of the lesions in early stages of the disease has shown that 
streptococci  may  primarily  invade the pulmonary tissue by pene- 
tration of the walls of the larger bronchial branches and that they are 
distributed from the points of invasion by way of the peribronchial, 
perivascular, and septal interstitial tissue and lymphatics.  Infection 
of  the  alveoli is  likewise primarily  an  interstitial  invasion  of  the 
alveolar walls by streptococci. 
6. In one experiment it was found that preliminary injury to the 
respiratory tract by gassing with chlorine and that lowering of resis- 
tance by a  preceding intraperitoneal injection of Bacillus  influenz¢~ 
without local injury to  the respiratory tract  greatly facilitated in- 
vasion of the lungs by Streptococcus hcemolyti,  cus. 
7.  A normal monkey inoculated in the nose and throat with Strepto- 
coccus  hcemalyticus  failed to develop pneumonia and showed no evi- 
dence of infection of the upper respiratory tract. ~'RANCIS  G. BLAKE  AND  RUSSELL  L. CECIL  425 
CONCLUSIONS. 
1.  Streptococcus  hcemolyticus  can produce a  primary pneumonia in 
monkeys when injected intratracheaUy in sufficiently large amounts. 
2.  It readily produces an extensive secondary pneumonia in mon- 
keys when injected intratracheally in small amounts. 
3.  Invasion of the lungs by Streptococcus  hcemolyticus  in  strepto- 
coccus pneumonia in monkeys is primarily by way of the interstitial 
framework of the lung and its lymphatics, and the disease does not 
appear to be primarily an infection of the terminal bronchioles. 
4.  Although it seems probable that invasion of the lungs by Strepto- 
coccus  hcemolyticus  in  streptococcus pneumonia in man may be  by 
the same paths, it is unsafe to draw this conclusion without qualifi- 
cation, since streptococcus pneumonia in man commonly occurs only 
as a secondary infection in the presence of a preceding inflammatory 
bronchitis. 
EXPLANATION OF PLATES. 
PLATE 35. 
FIG.  1. Monkey  120.  Interstitial  pneumonia.  Histological section com- 
pletely through the left lower lobe showing  limitation of the lesions to the inter- 
stitial framework of the lung.  X 3.5. 
FIG.  2. Monkey  120.  Interstitial  pneumonia. Infiltration  of peHvascular 
tissue and alveolar walls.  X 100. 
PLATE 36. 
FIG. 3. Monkey 119.  Interstitial  and lobular pneumonia.  Posterior aspect 
of the lungs. 
FIG. 4. Monkey 119.  Interstitial  and lobular pneumonia.  Section  from the 
right lower lobe showing exudate in alveolar duct and terminal bronchiole With 
epithelial desquamafion, perivascular infiltration, and  exudation into  alveoli. 
X 100. 
PLAT~. 37. 
FIC. 5. Monkey 119.  Interstitial  and lobular pneumonia.  Proliferation  and 
desquamafion of alveolar epithelium.  × 400. 
PLATE 38. 
FIG. 6. Monkey  126.  Confluent lobular pneumonia. Section from  the 
periphery of the right lower lobe showing edema and infiltration of the walls of 
atrium and adjacent alveoli with no exudate in the atrium or alveoli.  X 100. 
FIG. 7. Monkey  126.  Confluent lobular pneumonia.  Streptococci in  an 
alveolar wall in an unconsolidated portion of the lobe.  ×  1,000. 426.  EXPERIMENTAL  PNEUMONIA.  VIII 
PLATE 39. 
FIG. 8.  Monkey  126.  Confluent  lobular  pneumonia.  Early  lesion  of  the 
right  upper  lobe  showing  streptococci  in  the  wall  of  a  terminal  bronchlole. 
X 1,000. 
Fro. 9.  Monkey  125.  Confluent  lobuhr  pneumonia.  Histological  section 
through the right lower lobe.  X 3.5. 
PLATE 40. 
FIG. 10.  Monkey  125.  Confluent  lobular  pneumonia.  Periarterial  edema 
and  alveolar consolidation.  X 100. 
FIG. 11.  Monkey 125.  Confluent lobular pneumonia.  Dense masses of strep- 
tococci  in perivascular tissue.  X 100. 
PLATE 41. 
FIG. 12.  Monkey  125.  Confluent  lobular  pneumonia.  Early  lesion  in  the 
right upper lobe showing a point of injury to the epithelium of a large bronchus 
and  leucocytic  infiltration  and  necrosis  of  the  bronchial  wall  at  this  point. 
X  100. 
FIG. 13.  Monkey  125.  Confluent  lobular  pneumonia.  Streptococci  in  the 
lesion of the wall of the large bronchus shown in Fig. 12.  X 1,000. 
PLATE 42. 
FIG. 14.  Monkey  128.  Confluent  lobular  pneumonia.  Section  from  the 
right lower lobe showing  necrosis  and dense masses of streptococci about two 
small vessels.  X 100. 
FIG. 15.  Monkey 48.  Confluent lobular pneumonia.  Section showing  capil- 
lary engorgement, perivascular edema, and serous exudate in alveoli with com- 
plete  absence of polymorphonuclear leucocytes due  to  leucopenia  following  a 
preliminary intraperitoneal injection of B. influenzce.  X  100. 
PLATE 43. 
FiG. 16.  Monkey  122.  Interstitial  pneumonia.  Section  through  the  right 
lower lobe showing two pulmonary abscesses.  ×  3.5. 
FIG. 17.  Monkey  122.  Interstitial  pneumonia.  Organization  and  mono- 
nuclear cell infiltration of bronchial wall.  X 100. 
PLATE 44. 
FIG. 18.  Monkey  122.  Interstitial  pneumonia.  Infiltration  and  organiza- 
tion of interlobular septum and perivascular tissue.  X 100. 
FIG. 19.  Monkey  122.  Interstitial  pneumonia.  Organization  of  exudate. 
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